plants ( Fig. 1 ). After mating, female psyllids oviposit (lay eggs) on the new leaf growth of expanding terminals, in the folds of unfurled leaves and behind developing leaf buds. Expanded leaves are not suitable oviposition sites and thus gravid females (females filled with eggs) may migrate in response to scarcity of suitable oviposition sites. A single female psyllid is capable of producing 800 to 1,000 eggs over her lifespan (21) .
Eggs are almond shaped and small measuring about 0.3 mm in length thus requiring additional magnification for identification ( Fig. 2 ). Eggs are pale in color when first laid and turn a dark yellow/orange color prior to eclosion (emergence of the first nymphal stage) (13) . Eclosion occurs an average of 3 days after the egg is laid but can require more or less time depending on temperature (11) .
There are five nymphal stages of immature development (Fig. 3) . The cumulative duration of the five nymphal stages ranges from 10 to 40 days depending on temperature (11) . However, under typical climatic conditions in Florida when a new flush of growth is typically present, the total duration of the nymphal stages is expected to last between 10 to 14 days. Feeding by psyllid nymphs is restricted to the young, tender leaves on which eggs were laid, but also may include the tender portions of the plant branches which have not yet hardened and the succulent stems of developing flowers or newly formed fruit.
The two main factors regulating psyllid populations are availability of young growing shoots for oviposition and temperature. Based on these two regulating factors, psyllid populations in Florida citrus groves begin building on the early season growth flushes ( Fig. 4) and reach their highest levels on the first summer growth flush, which usually occurs in late May or early June. During the summer months psyllid populations oscillate with the abundance of new flush. During periods of limited availability of unexpanded flush for oviposition, adult psyllids either remain in the plant canopy feeding on mature leaves or migrate to new areas where new flush is available. Summer temperatures above 30°C (86°F) may shorten the longevity of psyllid adults (< 30 days) and lower their reproductive fitness as demonstrated by Liu and Tsai (11) . During the slightly cooler (average 26 to 30°C; 79 to 86°F) autumn months in Florida, psyllid populations may increase on the final flushes of the year. Following this flush, adult psyllids will overwinter inside the canopy of citrus plants and are commonly found on the underside of mature leaves feeding on the leaf mid-and lateral veins. At the average daily winter temperature of 15 to 20°C (59 to 68°F) in Florida, adult psyllids can be expected to live on average 50 to 80 days (11) feeding occasionally on their host plants until they move in response to new flush needed for oviposition.
Pathogen Transmission
Previous studies (26) have shown that adults as well as nymphs have been found to acquire and transmit the causal bacterium. Moll and Martin (14) produced electron microscopy evidence for the presence of bacteria similar to those found in HLB infected citrus ( Fig. 5 ). The reported times for acquisition and transmission of both Asian and African bacteria have varied greatly. For example acquisition times for D. citri have been reported from 15 to 30 minutes (4) and up to 5 h (26). D. citri fourth and fifth instar nymphs can acquire the pathogen and the resulting adults can transmit it (26) . Once the bacterium is acquired, the psyllid will retain and transmit the bacterium throughout the psyllid's life. Some evidence that T. erytreae can acquire and transmit the pathogen transovarially (via eggs) has been published (22) .
In Florida it has been found that when D. citri are held for 7 days in the laboratory on HLB infected citrus plants, less than 5% of the psyllids test positive, using a PCR assay, for the presence of Ca. L. asiaticus. However, as confinement time increases on the infected plants, so does the percentage of psyllids testing positive for the presence of Ca. L. asiaticus, with an average percent infection rate between 20% and 30% after a 30 day confinement (Rogers and Brlansky, unpublished). Additionally, adult psyllids have been shown to be capable of acquiring Ca. L. asiaticus from citrus that is infected with the pathogen yet not showing symptoms. For those asymptomatic plants, psyllids were only able to acquire the pathogen from branches of the tree whose leaves gave a positive PCR result when tested, suggesting that due to the uneven distribution of the pathogen within a plant, not all parts of the tree will serve as an inoculum source at any given time (Rogers and Brlansky, unpublished).
Past Approaches to Insect Vectored Disease Management
Insecticide applications to reduce insect populations normally are used to prevent a pest from causing economic damage to a crop. Most of the available information on the use of insecticides for the control of insect vectors of systemic pathogens is for plant virus vectors, especially aphids. Control of insect virus vectors to prevent infection is difficult since only a few winged individuals are necessary to cause considerable spread of the virus. This fact also may be the situation for HLB. Contact insecticides are normally thought to be of limited use since frequent applications are necessary. Persistent insecticides including systemic ones have offered some virus control via vector population control. However, winged aphids (alates) usually carry viruses into crops and may transmit prior to being killed by insecticides. Non-persistent viruses are lost by the aphid upon feeding so insecticides normally do not make any difference in the amount of virus transmission into a crop. However, if aphids that vector a persistent virus are killed, the vectors are halted in their ability to transmit to other plants thus reducing spread. An example of this was shown in potato, where the spread of a persistent virus, potato leaf roll virus (PLRV), was reduced with systemic insecticide applications (3), but a non-persistent potato virus, virus Y, was not (24). Burt et al. (3) pointed out how important reducing the aphid populations early in the season was for successful reduction in virus spread in potatoes. Imidacloprid and three other insecticides were found to reduce the transmission of PLRV by Myzus persicae to potato when exposed to insecticide residues on virus sources (15) .
The speed that insecticides kill leafhopper vectors also has been linked to the ability to control viruses that the leafhoppers transmit. Wang et al. (23) suggested that the use of specific systemic insecticides applied when the crops are most susceptible to beet curly top virus (BCTV) could be an effective way to control the curly top disease. The rate of transmission of BCTV, a geminivirus transmitted by the beet leafhopper (Circulifer tenellus) in a circulative, nonpropagative manner, was significantly lowered with applications of the systemic insecticide imidacloprid. Soil applications with imidacloprid produced significantly better reduction in BCTV transmission rates than foliar sprays with the insecticide dimethoate. Some success also was reported with the aphid-transmitted sugar beet luteoviruses in England (25) and with barley yellow dwarf luteovirus (12) .
Other examples of disease management with insecticides include the control of the whitefly vectors of geminiviruses of vegetable crops. Ahmed et al. (1) found that a systemic insecticide imidacloprid applied two times to control the whitefly, Bemesia tabaci, indirectly controlled the geminivirus tomato yellow leaf curl (TYLCV). However, complete control of virus infection was not obtained; infection rates were lowered early in the growing season, so the tomato crop was protected against disease early in its growth. Imidacloprid is applied to nearly 100% of the tomato acreage in Florida for control of Bemisia argentifolli, the silverleaf whitefly, and the geminiviruses (especially TYLCV) that it transmits (16) .
Systemic insecticides also have been used for the control of leafhopper vectors of the xylem-limited, fastidious bacterium Xylella fastidiosa. The glassy-winged sharpshooter, Homalodisca coagulata, a known vector of the various X. Fastidiosa srains that cause Pierce's disease of grape, phony peach, and citrus variegated chlorosis, was introduced into California in the late 1990s and populations have reached very high levels. Insecticide applications of imidacloprid and other products such as kaolin and harpin have successfully reduced glassy-winged sharpshooter populations in California (20) .
Developing New Management Programs
There is general consensus throughout the world literature that three general practices must be adopted in order to have a successful citrus greening management program. These include the planting of certified, clean nursery stock, effective control of psyllid populations and removal of infected trees that serve as an inoculum source for psyllid acquisition. What there is not agreement on, however, is the level of psyllid control needed to be "effective."
Currently, no studies have been conducted proving that managing psyllid populations will indeed provide a benefit in terms of reducing the spread of citrus greening disease. Researchers from countries such as China and South Africa report anecdotal evidence for the need to control psyllids to minimize disease spread and maintain viable citrus production (10, 27) . However, in each of these growing regions there are differences in climate, cultural practices, and even strains of the pathogen or vector species which makes direct comparison of results difficult.
There are examples where demonstrated low vector populations have limited the spread of the pathogen. In China, for example, greening disease has severely limited citrus production in the lowland areas where D. citri is relatively abundant. In contrast, in the highland areas of China greening disease is not a problem (27) . In these areas of higher altitude, D. citri survival is low and thus spread of Ca. L. asiaticus is also low. However, in this particular situation, the cold weather also affects citrus, thus limiting production to mandarin varieties which are better suited for the colder environment.
The situation in Florida is much different as the climate and current production practices are ideal for buildup of large psyllid populations. It is thus impractical to attempt to eliminate psyllids to virtually undetectable levels as this would require an inordinate and unsustainable amount of insecticide applications. A more realistic and sustainable approach to psyllid management would be to target psyllids during the periods when pathogen spread is more likely to occur. This will require knowledge of the seasonal trends for higher percentages of psyllids carrying and transmitting the citrus greening pathogen, if such differences do exist. In addition information is needed regarding when those psyllids are likely moving and infecting healthy trees.
Based on work completed thus far in Florida (discussed above), reducing pathogen spread may be achieved by targeting overwintering adult psyllids. In our research we have demonstrated that the longer psyllids are allowed to feed on infected plant material, the higher the percentage of psyllids that test positive for the presence of the greening pathogen with the highest rates of infection occurring after more than 30 days of feeding. Thus, psyllids that pass the winter months feeding on infected plants are more likely to spread the pathogen to healthy trees when they move in response to the presence of new growth flushes in the spring. Therefore, targeting overwintering adults prior to movement may prove to be an effective approach to minimizing pathogen spread.
There also is evidence that the concentration of the greening pathogen fluctuates within an infected tree throughout the year. PCR diagnostic techniques have been less able to detect the presence of the pathogen (within the same tree) due to the changes in concentration at certain times of the year. Since psyllids do not readily acquire the greening pathogen from sections of an infected plant that do not give a positive Ca. L. asiaticus PCR result, this may mean that psyllid acquisition and movement of the pathogen is also lower at certain times of the year.
Research is underway to determine the seasonality of pathogen transmission by D. citri in Florida and to better define the process of transmission of Ca. L. asiaticus by D. citri. For example, can the use of soil-applied systemic and foliar applied pesticides cause mortality of D. citri carrying Ca. L. asiaticus prior to successful transmission of the pathogen? Based on the results of these research objectives, we may be able to design more effective strategies for psyllid management in order to manage the spread of citrus greening disease and maintain a viable citrus production system.
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